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NATTONAL ADVISORY COMMITIEE FOR AERORAUTICS

TECHNICAL NOTE NO. 1389

TESIGN CHARTS FOR FLAT COMPRESSION PANELS HAVING
IONGITUDINAL EXTRUDED Y-SECTION STIFFENERS
AND COMPARTSON WITH PANEIS BAVING
"FORMED Z~-SECTION STIFFENERS
By Norris F. Dow and WiJ,J.;'La‘.m A, Hiclmen

SUMMARY

Design charts are presented for 24S-T (bare sheet) and 755-T
(Alclad sheet) aluminum-alloy £lat compression panels with
longitudinal exiruded Y-section stiffeners. Imn addition, comparisons
are made emong panels designed from these cherts end 24S-T aluminum-
alloy panels having formed Z-sectlon stiffeners deeigned from
avelleble deslgn charts. The comparisons indicate thet, if the ratlo
of intensity of loeding to gheet thickness is relatively high, the
charte yresented may be used to design & Y-gtiffened pensl in either
24 -7 or 755-T materiel which is lighter in weight than a 24S-T
Z-stiffened panel desiguned fram the available charts to meet ths
same conditions. The smount of welght saving depends upon.tho
specific design conditions and is greatest for the T55-T Y-stiffened
panels. The comparisons alsg indicete that the 245-T Y-gtiffener
will have & height somewhat greater than the comparable 24S-T
Z-gtiffener or T53-T Y-~stiffenor; the height of the 2LS-T Z-stiffener
generally is the smellest. In addition, the comparisons indicate
that the eversge spacing of rivebt lines is generally scmewhat less
for the 24S-T Y-stiffened panels than Ffor the 2US-T Z-stiffened
panels or for the 755-T Y-sllffened panels; the average spacing
generally is greatest for the 2US-T Z-stiffened panels. If the
ratio of intensity of loading to sheet thickness is relatively low,
hovever, the comparative designs indicate that a 24S-T Z-stiffened
panel designed from the avallable charts will be slightly lighter in
wolight than a Y-stiffened panel of either 24S-T or T5S-T materiel.

If the presemt design charis are extended to lower wvalues of the

ratio of stiffener thickness to shest thickmess to cover the region
of heavy sheet thickness more thorcughly (where the ratio of intensity
of loeding to sheet thickness is relatively low), & Y-stiffened-panel
design in this region will probebly compare more favorably with &
Z-ptiffened -panel design then the charts presented indicete. If mo
sheet thickness is specified so that the design mey have optimm
proportions, it is concluded that both the 243-T and T5S-T Y-stiffened
penels will be lighter than the 24S-T Z-stiffened panels throughout
the range of design conditions investigated.
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INTRODUCTION )

The problem of the design of wing compression panels of minimum
welght is one that has confronted aircraft structural englneers since
the advent of stressed-skin construction. Although the final solution
of this problem hes not yet been achieved, progress has been made
towerd ites solution as the cumulative result of numerous theoretical
and experimental studies to determine "optiznm proportions 'and

"efficient" stiffener shapes.

Recently two such studies (referencee 1 and 2) have established
a type of plot which appears particularly useful in connectlon with
the design of wing compression panels of minimum weight. Reference 1l
presented a theoretical comparison of the efficlencies of varlocus
stiffener shepes by plotting the averasge stress at fallure - an inverse
meesure of the welght - against & paremeter containing the main
design conditions, the load per chordwise inch of panel, and the
- effective length of panel. Reference 2 used the same type of plot
to provide design cherts for Z-stiffened penels based on extensive
test data from which the opt~nmm.proportions can be determined for
e particuler design.

Study of references 1 end 2 reoveals that 1f panels with i
longlitudinal stiffeners. are to have high structural efficiency a
stiffener shape is required which -has both high-columm strength
and local~buckling strength. DBecause a gtiffener in -the shape of _ -
e Y appeared more nearly to meet thie regquirement than +the
Z-section or hat-section stiffeners of references 2 and 3, en
invedtigation was made in the Langley structures -resesarch laboratory
of the National -Adviscry Committee for Aeronsutics to determine the
compressive strength of panels having Y-section stiffeners. Both
24T (bere sheen§ and 755~T (Alclad sheet) aluminum-alloy panels
wore tested in this investigation. The results of these tests are
presented herein Iin the form of design charts similar to the design
charts for panels with Z-section stiffeners of reference 2.

In order to ghow the relative structural.efficiencies of
Y-section and Z-section stiffeners, comparisons are also presented
of panels of both types designed to have the minimm welight required
to meet a large range of loading conditions.

—-e
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| SYMBOIS

The symbols used to represent the verious dimsnsions of ths
pansls are shown In figure 1. In eddition, the followlng symbols
are used:

Tp average strees at failing load, ksi

Oor stress for local buckling of the sheet, ksi

Toy compressive yieid. gtress, ksl

Py - compreesive lced per inch of panel width, kips per inch

c coefficient of end Tixity as used in Euler column forrule

Ai cross-sectional ares per Inch of penel wid.'t'.h or equifalen‘b
thickness of penel, Inches -

e—f " shortening per um.t le«ng’c.h &t failing load

o radivs of gyration, inches.

Iy moment of inertia per inch of paﬁel width, cubic Iinches

TEST SPECIMENS AND PROCEDURE

The test specimens vere constructed wlth six stiffeners and
five bays as shown in figure 1. Three sizes of stiffeners were used
that corresponded to values of ‘bu/t” of 20, 25, and 30 with the

nominal velue of ty; held constent at 0.06k inch (sse fig. 2) and

various velues of ty/ty were obtained by verying the sheet

thickness. The stiffeners were riveted to the sheets with AYI7S~T Flat-
head rivets (ANL42AD) on all panels.

Velues of the with-grain compressive yleld stress Tor the
material used for the sheets (bare sheets were used for the 24S-T panels
and Alclsad sheets for the 75S-T panels)end for the extrusions are
given in table 1. The valuss of compressive yleld stress for the
extrusions represent the average values for specimens cut from the
three webs and the outstanding flange of the Y-sectlon extrusions at
the locations shown In figure 3. Values of the ccmpressive yield
stress for the materiasl used to construct the Z-stiffened panels of
reference 2 are also glven in teble 1 for comparison.
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The test procedure was essentlally the same ss that used in
other pansl tests in the Langley structures research laboratory. .
(See references 2 and 3.) The panels were tested flat-~ended wilthout -
side support (because thelr transverse stiffness was small) in &
hydraulic testing mechine having en accuracy of cre-half of
1 percent of the load (See fig. 4.) The stress for local buckling
of the sheet was determined by the ‘strain-reversal method." A
discussion of this and other methods of experimentally determining
the stress for local buckling is given in reference 4. For panels
having e greater width of sheet undexr the Y's than between the Y's,
strain gages were mounted inside the stiffeners, as indicated in
figure 5. The ends of the pansels were ground flat and parallel,
and tho method of alinement in the testing machine was such as to
insure uniform beering on the ends of the specimens. An end fixity
coefficlient of 3.75 has been Indiceted for such pansl teats in this
machine, and this value was therefore used in reducing the test data.

Proportions of the specimens and test data -~ including valuss
of the ratios of rivet diameter to gheet thlckness d./tS and pitch

to sheet thickness p/tg, average stress at feiling load Tp, and

unlt shortening at failing load & -~ are given in tebles 2 to k.

The unlt shortening was measured as the average of the strains -c
indicated by four, 6%-1nch gege length, resistence-type wire strain

gages mounted on the quarter points of the second and fifth stiffeners R ' ~
as may be seen in figure k. .

Figure 6 shows & 24S~T sluminum-elloy Y-stiffened panel and its
758 -T counterpert after failure. There tended to be a greater
shettering of the 755-T panels thaen of the 24S-T panels.

DESIGN CHARTS

Design charts for penels with extruded Y-sectlon stiffeners
are presented in figures 7 to 11 Ffor 24S-T and in figures 12 to 16
for 758-T alumimm alloy. These charts were prepared from the
test data of tables 2 to 4 in a menner similar to that deacribed
in the appendix of reference 2 for Z-stiffened panels. The use
of design charts of this type is déscribed fully in reference 2,
and a procedure similer to that given in reference 2 for designing
& penel for maximm structural effiéilency (minimum weight) by use
of the charis is included in appendix A of the present paper. This
design procedure makes 1t possible to achieve the balence fqr given
velues of Py, L/yT, and tg between the proportions which



NACA TN No. 1389 o _ s

will produce the highest average stress at failure a.nd. 'bhe proportims

which will make the area such that the failins gtress 1is Just

‘reached at the design load.

A comparison of the curves of the design charts and the test
data from vhich the curves were derived lndicates that the stresses
glven by the curves of the desimm charts for both the Y-stiffened
panels of the present paper and the Z-gtiffened panels.of refersnce 2
are on the whole very slightly less than the stresses given by the
test data. TFor both stiffener types, howsver, there are regions on the
design cherts in which the curves are interpolated or exbrapolated
far from the test data, and in these reglons the accuracy of the charts
is probably less than that indicated by the comparisons of curves and
data. The reglon of the Y-stiffensd-panel. charis for which there

1s the least test data is that for %ﬂ = 0.10 at wide stiffener

. S
spacings. (See figas. 7 and 12.) BSlightly greater caution should be
exercised In the use of the charts in this region than slsevhere in

. the design charts. The reglon of the Z-stiffened-panel charts for
-which there is the least test date 1s that ‘for t.! = 1.00 at close

: , . tg
stiffener spacings. In this region, additional unmpublished test
deta have indicated that the curves may be as much as 5 or 6 percent
too high. :

GE‘IERALIZED COMP.ABISON OF Y-SIIE‘FE&JED PANELS
A‘NZD Z'S'.E‘ETENE) PANEIS

¥ithout restrictions en the sheet 'thiclmess. If there are no
restrictions on the sheet thickness that may be used, Y-stiffened and

Z~gtlffened panels may be compared by envelope curves falred over
the curves of thelr design charts. Such a comparison of envelope
curves is shown in flgure 17. Because the average stresses at
failing locad for the envelope curves for the Y-stiffened panels of
both 245-T end 753~T material sre above those for. the Z-stiffened
panels, the Y-stiffened panels of optimum proportlons are evidently
1lighter in weight than the Z-stiffened panels of opbimm proportions
throughout the range covered by the present design charts.

With restrictions on sheet thiclkmess.- The sheet thlckness needed
to achieve the stresses of the envelope curves of figure 17 are fixzed

for any given intensity of loading by the proportions required by the



6 NACA TN No. 1389 N

envelope curves. In the deslgn of wing compression panels, however, I
the sheet thickness 1s often fixed by other considerations such as

torsional stiffness of the wing. Accordingly, curves which show the

effect of a variation 1n sheet thickness should provide & more useful
evaluation of the relative structural efficiencies of Y-stiffened

and Z-gstiffened panels than do the envelopes of figure 17; therefore,

figures 18 to 20 were prepared. In these figures, the average stresses

at fallure &p carried by Y-stiffened and Z-stliffened-panel deslgns,

selected for minimum waight according to the prgcedure glven in
appendix A, are plotted against the parameter Eé for a series of

/;_. A'discussion of this type of plot 1s given in
L/ve .
-appendtx Be-. -

valiues of

' The cﬁief importance of Ffigures 18 to 20 1s that the figures
" Indicate directly the average strese st fallure Gp carried by the

minimum-velght designs of Y- stiffened or Z-stiffened panels which can
be achieved within the large range of proportions covered by the

design charte for given values of Py, I./s/~ and tg. The effect
of a change in any one of the varisbles &g, Py, L/yE, and tg on -

any of the others, therefore, may be studied from these figures. For
example, consider the effect of a change in tg on the valus of Tp.

The relative flatness of the curves at the higher values of Pyftg

indicates that the sheet thickness can be varled over a rather large
range with very little change in the wvalue of Gp which can be
achieved.

A comparison of figures 18 to 20 brings out the following facts:

{1) Minimum-weight designs of both 24S-T and 75S-T Y-stiffened
panels are lighter in weight (carry higher stresses) than minimum-
welght designs of 24S-T Z-stiffened panels in the region of high
values of P;/tg (thin sheet); but the Z-stiffened designs are of

glightly lighter weight in the region of low values of Pi/ts (thick
sheet). No sharply defined boundary exists between these two regions.
Instead, there is a range of values of Pi/ts, which veriles

Py .
- with - Por which the curves of fi 8 18 to 20 coincide.
57751 C gure : co

. -(Q) The actual smount by ﬁhich the Y-stiffened-panel design is
- lighter than the Z-stiffened pamel (or vice versa) varies somewhat
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_ P P ;
erretically as the design condltions, /i rand — are varied
. _ L//c
because of the cusped nature of the curves.

3) The value of ha’ vwhich produces the minimm-weight design
. .

for given values of -?L- and. %—, is smallest for the 75S-T Y-stiffened
L/
penels and lergest for the 2uS-T Z-atiffensd panels.

COMPARISON OF L‘EE\ITM(M-’EEICET TESIGNS OF Y-STIFFENED
PANELS AND Z-STIFFENED PANELS
Although figures 18 to 20 show in a general wey the relative
structural efficiencies of Y- and Z-stiffened penéls, probably the
best way to eveluate two types of panel construction is to compare.
panels of each type designed to meet the sawme conditions. A
comparison of this nature pexrmits consideration of each of the msny

factors which influence the .cholce of the most desireble construction
for a given situation, such as the number of rivet lines, the space

. required for the stiffenors, and the dlstance from the outside surface

of the sheet to the axis of the center of gravity of the panel.

A series of comperative designs of Y~ and Z-stiffened panels, therefore,
wes made in a menner similar to that used in making the designs fronm
vhich figures 18 to 20 were prepared. TFour values of Py, namely, 2.0,

3.0, 5.0, and 8.0 kips per inch snd alsoc four velues of L, namely, 10,
20, 30, and 40 inches were used for the comparative designs. The end
Pixity coefficlent c was assumed equal to 1 in all cases.

In meking the comparative designs, cobtainment of extruded
Y-stiffeners in ‘the thicknesses required by the designs was assumsd
posaible. A minimm thickness in which these shapes can be
succeasfully extruded exists, however, and this minimm thickness is
Probably above the thickness required for many of the designs for
which Pi is equal to or less than 3.0 kips per inch. The reasons

for retaining these designs are (1) they may be scaeled up for

higher Intensities of loading for which the minimum thickness that can
be extruded is no longer a limitation, end (2) to emphasize the fact
that 1f the intensity of loading is low, the Y-stiffener will not

be satisfactory simply because it cannot be obtained.

Numerical values of the proverties of the comperative designs
for all values of tw/ts covered by the design charits are given in

tebles 5 to 8. The values for the particuler ratlo of tw/ts for
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wvhich minimum welght is achieved are enclosed in perentheses. In
order to show graphically ‘“the general varidtion of the proportions
of these designs as the psnel length and the sheet thickness are
varied, figures 21 and 22 have ‘been prepared. ‘These Figures present
cmss-sectional views, drawn to scale, of séme of the minimum-welght
designs of Y=stiffened and Z-stiffened panels for - Py = 5.0 k:.ps per
~ inch (teble T)..

The comperative designes were made according to. the. procedure
given in appendix A except that all values of ty/tg’ glven by the

deslgn charts were investigated for sach design. Because the design
charts cover only & limited range of proportions; the comparisons
between the deslgns are in some cases affected by the limited range
of proportions covered by the charis. With this qualification,
comparisons of the minimm-weight designs of tebles 5 to 8 and
figures 2). and 22 show that:

(1) At relatively high values of Pj/ftg, - which are associated
with thin sheets, the average &tresses at faillure .Gf .for both the
24S-T and the 75S-T Y-stiffened panéls are greater than those for the
2hS-T Z-gtiffened Penels, snd these stresser indicate that leas weight
1s required for the Y-stiffened than for the Z-stiffened panels, the
least welght beilng required for the 75S-T Y-stiffened panels. ‘On the
other hand, at relatlavely low values of Py/tg, which are associated

with thick sheets, the average stresses at failure oy for both the .

24S~T and 75S-T Y-stiffened penels .are glightly leas then those for

the 24S-T Z-stiffened panels, and these stresses indicate thet the

Z-gtiffened panel is slightly lighter in weight. The magnitude of

the difference in weight between the two types of panel varies with

Py

AT
(2) The height of the stiffeners H 1is generally somewhat

greater and, hence, cocnsumes more spat:e inside the wing for the

24s-T Y-stiffened. panels then for the 24S5-T Z~atiffened panels or for

the 755-T Y-stiffened panels; the Jelght of the 248-‘1‘ Z-stiffened
panel generally iz . the smallest. -

the velues of Py/tg amnd

(3) The average spacing of rivet linea S5 is generally somewhat
less and, hence, requires more rivets for the 24S-T Y-stiffened panels
than for the 248-T Z-stiffened penels or for the T5S~T Y-stiffened
panels; the' average spa.cing genera.lly is grea.tést for the: o4s-7

-stiffened. panels .
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(k) Only if the values of both P;/ts and ?i are relatively
, : L/ Ve i
high does the value of the stress for local buckling of the sheet

Gy tend to be higher for the 23T or 755-T Y-stiffened panels

then for the 24S-T Z-stiffened panels.

(5) The distance from the outside surface of the sheet to the
exie of the center of gravity of the panel &, which tends to reduce
the effectiveness of the panel to resist bending of the wing, is '
generally greater for the 2LS-T Y-stiffened pamels than for the
245-T Z-stiffened penels or for the 75S-T Y-stiffened panels; the
distance h generally tends to be smallest far the 2LS-T Z-stiffened
penels at low values of P;/tg . (thick sheet) and smallest for the
T55-T Y-stiffened psnele at high values of Pi/tg (thin sheet).
(The magnitude of the reduction in effectiveness of the panel to
resist bending of the wing depends on the thickness of the wing.

The thinner the wing, the greater the reduction.)

(6) The value of the radius of gyration p 18 generally

greater (a.nd also the valus of p2.A.i = Iy 1is generally grea.'be‘r)

for the 245-1 Y-stiffened panel then for the 2US-T Z-stiffened -

penel or Tor the T5S5-T Y-+stiffened panel; generally, 'p tends

to be smallest for the 2US-T Z=-stiffened panels at low values

of- Pi'/t% (thick cheet) and smallest for the 75S-T Y-stiffened '
panels et high values of P._,_/'bs -(thin sheet). (The greater the velue
of pzﬂi,b the greater the effectiveness of the panel to resist

local air lo&ds.) . L o

EFFECT OF SMA}:I. DIFFERENCES IN TEST SPECIMENS ON THE COMPARISONS
OF 24S-T Y-STIFFENED AND Z-STIFFENED PANEIS

Cnly smell differences occurred between the test specimens for
the 24S-T Y-stiffened and Z-stiffened panels. Differences occurred
in material properties, dlameter and pitch of rivets, and rangs of
proportions of the elements of the penels actually tested and hence
the proportions covered by the resulting design charts.

The effect of.these differences on the comparisons of 24S-T
Y-stiffened and Z-stlffened panels are discussed in the following
sectlions. :

Efféct of materiel properties.- If the material properties of

the Y-stiffened panels and' the Z-stiffened panels had been identical, -
would the comparisons have besn more or less favorable to the '
Y-stiffened_ DPenels? Table 1 indicates that the average compressive
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yield stress of the material used for the Z-stiffened penels and
that of the material used for the sheets of the 24S-T Y-stiffened
panels vere identical but. that the average compressive yleld stress
of the extruded Y-stiffeners as measured was between 3 and 4 percent
less than that of the Z-gtiffeners before forming. Because forming
tends to raise the compressive yleld stress (see reference 5}, the
average properties of the formed Z-stiffeners were probably more
than 3 percent sbove those Tor the extruded Y-stiffeners. Accordingly,
it may be inferred that if the Y-stlffenors and the Z-stiffeners
hed had identical properties = as might have been obtained if
extruded Z-stiffeners hed been used, for exemple = the 2u4S-T
Y-stiffened panels tested would have increased in strength reletive
to the Z-stiffened penels, and the comparisons would have been more
favorable to the Y-gtiffened panels. -

Effect of riveting.- If the riveting of the Y-stiffened panels
and the Z-stiffened panels had been identical, would the comparisons
have beoen more or lesa favorable to the Y-stiffened panels? A
. comperison orf rivet proportions listed in tables 2 to L with those
- 6f reference 2 indicates:that the Y-stiffened panels wert more strongly
riveted than the Z-atiffened panels. Reference 6 shows that the
strength of short panele having close stiffener spacing increased
with an increase in the diemeter of the rivets and also increased with
s decretse in the pitch of the rivets. Subsequent teats have indlcated
‘that as the length of the panel 1s increased the size and pitch of
rivets have progressively less effect on the etrength of the panel
until the panel strength may actually decrease with an increase in
the strength of riveting. If the Y-stiffened panels and Z-stiffened
panels had had identical riveting, therefore, the comparative designs
would probably have come out less favorable to the Y-stiffened panel

Py
L/V6
very slightly more favorable to the Y-stiffened panel in the case of

the long pansls [ low values of Pi )
L/Ve,

and possalibly

in the case of the eshort panels (high values of

: Effect of panel proportions.- If proportions of Y-stiffensed
panels or Z-stiffened panels different from those tested and, hence,

those covered by the resulting design charts had been consldered, -
would the comperisons have been more or less fayorable to the
Y-stiffened panele? It can be seen by inspection of tables 5 to 8
that:

(1) The lightest weight 24S-T Y-stiffened-panel design for a
given set of deaign conditlons often requires a stiffener which
ig 2 sheet gages thimmer then that for the comparable Z-stliffened-

-
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penel design. (This agrees. with the fact that the value of tw/ts

for minimur weight is smaller for the Y-stiffened panel than for the
Z-stiffened panel. See figs. 18 to 20.) Also, the present charts

do not cover a large enough range of proportions to permit a

Y-stiffener more than 1 gege thinner than a Z-stiffener in the

region of heavy sheet thickness, If the design charts were extended

to cover lower values of the ratio 'bw/t go that a Y-stiffened-panel

design could always be made which had & stiffener 2 gages thinner than

the stiffener for the bost Z-stiffened-panel dosign, then the

Y-stiffened -penel dealgn would probebly be less inferior to the
Z-stiffened~panel design in the region of heavy sheet thickmess.

Similarly, if the charts were extended in the other direction so

* that in all ceses a Z-stiffened-panel design with a Z-stiffener

2 sheet gages thicker than the compareble Y-stiffened-panel design

could be made, possibly the Y-stiffened panel would be less superior

to the Z-st.;.ffened panel in the region ef very light sheet thickness.

(2) The lightest welght Y-s'biffer.ed. -panel designs - in far more -
cages than for the Z-stiffened-panel designs - are cobtained at the
maximum or minimum velues of bW/tw " given by the design charte-

Extending the xrenge of proporticns covered to higher and lower velues
of 'bw/'l:w would be likely, therefors, toc result in lighter welght

desligns of Y-stiffened panels in more cases than in lighter designs
of Z-stiffened. yanels.

Because & very extensive test program was run to eeta.‘nlish

F
'bW
such program has been run to establish opbtimm proportions for the
Y-stiffener, the proportions of the Y-stiffener possibly could be
Improved and hence, the comparative designs made more favorable to
the Y-stiffened panel for a1l shset thicknssses.  Among the -changes. ..
in proportilions of the Y-stiffened panels which might result in over-
all improvements in their struétural efficienciss ape: (1) & change .
in the angle included between the legs of the Y-stiffeners in order
to effect a better balance between the width of sheet under the
Y-stiffeners and botween adjacent Y-stiffeners, (2) & change in
relative proporticns of the outestanding 1" part of the Y-stiffeners,and

(3) a reduction in the width of atbachment flanges of the Y-stiffeners ,

particularly for -:-W— = 1.00.
S

optimum proportions for the Z-stiffener = 0.3 to 0.5/, and no
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. GENERAL TRENDS INDICATED BY MINIMUM-WEIGHT IESIGNS

In addition to the compdrisong of Y-gtiffened and Z-stiffened
panele afforded by the designs of tebles 5 to 8 and figures 21 and 22,
there are several general trends indlcated by the designs and by
figures 18 to 20 which apply to both types of construction. These
gencral trends are in some cases affected by the limited range of
nrovortions covercd by tho present design charts. These trends as
well as the comparisons between the two types of construction, are
algo strictly for minimm-weight designs. With the foregoing
guatifications, the comparative designs show that:

For given values of Py and L/

(1) The weight of panel generally increases (¢ decreases)

with an increase In sheet thichlessl, but the lightest panel is often
obtalined not at the thimmest sheet gage at which a design can be
.achisved but with the sheet 1 or 2 gages thicker than the minimum.

(2) The stress for local buckling of the sheet Oop @nd also
the ratio 0./, generally decreases with an increase in sheet

thiclkmess, but the mexirum value of the stress for local buckling of
the sheet is often obtained not at the thinnest sheet gage at which
a design can be achieved but, with ‘the sheet 1 ox 2 gages thicker than
the minimum. :

(3) The average spacing of rivet lines S increases (requiring
fewer rivets) with an increase in sheet thickness.

() The distence from the outside surface of the sheet to the

" axis of the center of gravity of the panel h, which tends to decresse
the effectiveness of the panel to resist 'bending of the wing,
genera.lly decreases with an increase in sheet thickness.

And for given velues of Pi and, ts

(1) The weight of ;pa.nel increases (af d.ecrea.ses) with an increase
in the value of L/VE.

(2) The stress for local buckling of the sheet 0oy DUL DOL
necessarily the ratio o.,./Gp, generally decreases with an increase
in the value of L/yT, except at the heavy sheet thicknesses.

(3) The height of the stiffeners H increases with an increase
in the value of L/V&.
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(4) The average spacing of rivet lines S generally increases
(again requiring fewer rivets) with an increase in the value of

L/y<, except at the heavy sheet thicknesses.

(5) The distance from the outside surface of the sheet to the
axis of the center of gravliy of the panel h which tends to descrsase
the effectlveness of the panel to resist bending of the wing, generally
increases with an increase in the value of L/yfc.

(6) The redius of gyration p increases (not necessarily
increaging the effectiveness of the penel to resist local alr loads)
with an increase in the valus of L//C. :

CONCLUDING REMARKS

In this payper, cherts have been presented froem which. 21|-S-—'I' (bare
sheet) and 75S-T (Achad. gheet) aluminum-alloy flat compreseion panels
having longitudlnal extruded Y-section stiffeners may be deslgned to
have the minimum weight required to cerry a given intensity of loa.d.ing
at a given effective length of pa.nel with & given sheel: thickness. -
Comparisons have. been made of penele designed from these charts and -
similer designs.of Z-gtiffened panels, in order to bring out the
differences in charecteristica of 211S-T and 75S-T and of Y- and .

-s’ciffer'efl—panel desig,ne In the case of actual wing comprsssion
panels, hcwever, “there are often additional factors to be considered
which have been neglected for the comparisons, such as the effects
of locel air loads, -the.distence from the neutral axis of the wing
to the censvex o:f‘ 5z'a7i'bJ of the croas section of the panel, the
sheet curvature, the edge support, and the shear coribined with the
compressicn, or t i@ eTfects orn the design procedure of specliying
stlffener Helgit- «r odacing in addition to sheet thickness. The labor

invelved in the Intidiuction of so many additional veriables into

the compserisons, howsvér, is obviously probibitive.. In fact some of
the veriables cannot be introd.uced. because the necessary research has
not been done. Because ‘in’any particular desi gn some such additional
Pactor may be important, the choice of & type of construction in most
cases is best mede by evaluating the characteristice of panels of
several types dedigned to meet all the regquirements of the actual
application. The design charts of the present papsr (figs. T to 17)
together with the tables of sectioh properties (tables 9 %o 13} may
be used a&s an ald in such an evallstlon of the characteristics of

a 24S-T or 75S-T Y-stiffensd pensl.

Langley Memcorial Asronaubicel Lsboratory
Nationael Advisory Committee for Aeronautics
Langley Field, Va., April 30, 1947
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APPENDIX A
METHOD OF DESIGNING A Y-STIFFENED PANEL FOR MINIMUM WEIGHT

The following procedure, which is similar to that given in
reference 2 for Z-stiffened panels, permits the selection of the
minimum-welght Y-stiffened panel for given values of the design
conditions Py, IL/¥E, and t,. In this procedure, the conditions

S
Py, L//C, and ty ere first combined to determine the values of the
P P
paremeters i apna -1 Next, from figures 18 or 20 the value
/ve s .

of tw/ts is found for which the minimum-weight design will Ye
achleved. Then a study 1s mede of ell the curves of the design chart

P
for that ratio of ty/t, et the given vaelue of i . From this
3 1 / T
study, a plot 1s mede of the variation of the stress at failure with
stiffener spacing for panels having all the proportions covered by
the chart. Because the chart gives a'f in teyms of relative

proportions (dimension ratios), the absolute size is established
for eath set of panel proportions by computing the sheet thickness
required to make the design loed . Py divided by the area A; equal

to the failing stress “o"'f. ‘The veriation of these sheet thicknesses,

Fy

A
ahy

calculated as is then plotted against stiffener spacing. This

second plot mey~c the esteblishment of stiffener spacings associated
with the deslign velue of the sheet thickness for each of the panel
proportions possible. Reference to the first plot permits the
determination of the stresses corresponding to these proportions and
the selection of the proportions (usually by interpolation) which
glve the highest stress (minimm weight)} at the given sheet thickness.

As an exemple of this procedure, the values and guentities for
the 24S-T design shown in figure 23 for Py = 5.0 kips per inch,

L =20 inches, ¢ =1, and %y = 0.102 inch are given in table 14

and are employed in the following steps:

: P P
(1) Compute .—2— and —.
L/VE 5



NACA TN No. 1389 15

(2) From figures 18 or 20 (in the example, fig. 18 for 245-T is
used) determine the value or values of ty/tg which should be

investigated to find the minimm-weight design at the velues of
Py
L/¥e

P
and —é determined in step (1) {in the exampls, -:g = 0.140) .

(3) From the curves for the particular value of tW/tS

determined in step (2) (in the example, fig. 7), plck off for
each value of hW/tW ‘and bg/tq the value of §Fp corresponding to

the valus of i given by step (1).

LfvE

(4) Pick from tables 9 to 13 (in the example, table 9) the
values of Ai/'bs co_rresponding to the ratlos used in step (3).

(5) Compute the sheet thicknese that wouvld be required to meke
the design load Py dlvided by the a.rga A; equal to the falling

stress o in each case, thus ts == Ai-'-
Gp-—
*s
(6) Plot the velues of —— -and T, egainst bg/ty for each
=1
O
tS

value of by/t, eand mark the values of Tp 8% the value of bs/tg

T
for which -_—A?T equals the design value of tg (in the exampls,

g .
0.102 in.). The plots of this step for the example under conslderation
are glven as the two lower plots in figure 23. For ease in
interpolating to £ind the value of bW/tw for the design, & curve
of by/t,; against bg/ty 1s also conveniently established by

plotting the consecutive values of by/t, (18, 21, 2k, and so forth)
P

i
at the values of bg/t. fFor which v equals the design value of

s

g (the upper plot in fig. 23).

(7) After step (6) has been completed for all the values of
by/t,, drew curves of stress emd of by/ty egainst bg/tg through
the points determined in step (5) (heavy curves in fig. 23).
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(8) Each of the curves drawa in step (7) represents a series of
designs, all of which have the required value of ig {(in the

example, 0.102 in.). The meximun point on the curve of GTp against
bg/tg indicates the design for minimm welght. Note this maximum
velue of Tp, the value of bg/tg at vhich it is reached, and the
corresponding value of bw/tw which cen be picked from the curve

of by/ty agai::fst bg/tg -

(9) Check computations by picking from tebles 9 to 13 the
value of Ai/ts corresponding to the ratios gelected for minimum

welght in step (8). 1If compu‘oa‘bions and plots are correct,

Py —Efts S

(10) Compute the following penel dimensions from the proportions
determined by this design procedure with the aid of tablea 9 to 13:

" - R

bw=%ww~fcw '°F=%*‘w

by ‘%% bFF%zbw

by =,;%w R

" = (1.791%:, 3..6):w S = 0.52-21;5 + (0.522:— + 2-3)‘6‘4

fal o=t | o
by s

(11) Compute the diameter and pitch of rivets from the proportions

listed in tebles 9 to 13, as
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{(12) Find ¢ i by interpolation betwsen the short horizontal
lines in figures 7 to 16.
' Py Py
and —— computed in step (1) ere such
L/¥e Ts -

that the point on Pigure 18 or 20 corresponding to thess values 1s
neer & boundary between two values of tw/ts-’ it is advisable to

follow the design procedure of steps (1) to (12) for both values

of tw/ts .

If the values of
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AFPPENDIX B
DESIGN CHART FOR IETERMINING THE STRUCTURAL EFFICIENCY

If a chart is to be drawn which will provids & direct meesure
of the structural efficiency of a wing compression pansl, that chart
must contain in its paremeters all the design conditions vwhich epply

to the panel. In references 1 and 2 the parameter :;i , which
Ljve
contains the deslign conditions of compressive load end effective
length of penel, was used for charts that measure directly the
gtructural efficlency when those are the design conditions,

The trend toward higher speeds and thinner wings and the
accompanying requirement of high torsicnel stlffness, however, tends
to establish a minimum acceptable sheet thickness for the panel. It
therefore appears deslireble to include the sheet thicknees ts within

‘the parameters used for preparing charte indicative of the structural
efficlency of panels.

A suiteble parsmeter incorporeting the sheet thickness appears
to be P, /ts. This paremeter, which represents the load divided by

the area of sheet alone, denotes the upper limit of stress that cen
be carried by a panel for a given sheet thickness because any
stiffeners added to the sheet must increase the panel area and reduce
the stress below that determined s P /tg. This upper limit is

shown in figures 18 to 20 as the dashed line. Besides indicalting
the upper limit of stress, this line elso represents the siress that

would be carried by a panel having & value of E’Vl =0 (pure shell

construction), but only if such & panel could actuelly cerry the
Indicated stress without failing.

As the value of ‘ty/ty for the panel is increased from zero, the

stress carried will decrease from that equal to the value of P,/tg.
The actual magnitude of the highest sitress that can be achieved for
each value of tw/ts given by the design charts can be determined

by assuming values of —-:;Pl—:;: and. % and by examining all the
L/ ¥e
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individual curves of the design charte in a menner similar to the
minimm-weight-design procedure at the assumed values of 'bw/ts,

P, Py Ay P,
, and . (Values of Tp =, which are equasl to -—=, Instead of
LS % tg T
A .
i‘ are computed in step (5) and plotted in step (6) of the
s

procedure. Ses appendix A. Also designs are made for a series
of values of Pifty, corresponding to a series of design valuss

of tg, from each plot of step (6)y.)

The foregoing procedm was used to establish the curves glven
in figures 18 to 20, which indicate the stresses atitainable by
minimum-weight d.esigns as Pi/ts is varied. :E'or chosen values of

P
1

L/VE
a direct measure of the structural efficiency of the 'bes‘b design
that.cen be made to meet the given design conditlons Pi, L/fc,

and  tg.

The stress for any .point on: one of these curves 15 therefore

ecause 'bhe design charts axre dra.wn for definite va.lues of
tw/ts , the curves of Tigures 18 to 20 con'ba.in cusps which correspond

to the intersection of the curves resulting from the use.of the
design charts for consecutive values of tyftg. Light lines have

been drawn in figures 18 to 20 comnecting these cusps, thus dividing
the figures into regions in which the imndicated values of ty/tg

produce the minimum-weight desligns. As previously noted, the region
for ..t.‘i = 0 is the dashed line,for which G, = ﬂ
tg Tt

For given values of P, L//T, end tg, the value of t,/tg

that will produce the lightest weight Y-stiffened or Z-stiffened parel
mey be determined directly from figures 18 %o 20. Since very s]igh'b
variations in o'f near the cusps of the curves could cause an

apprecleble shift in the location of the cusps in many ceses, the light
lines should be considered as only approximate boundaries. If the
point corresponding to a perticular design being considered lies near
a boundary between two values of tyftg, 1t might be wise to -

investigate both values of +ty/tg in meking that design.
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TABIE 1

VALUES OF THE COMFPRESSIVE YIELD STRESS FOR THE MATERTAIS -

TSED FOR CONSTRUCTING THE Z-STIFFENED PANEIS
AXD THE Y-STIFFENED PANELS

L 1 Stiflfeners
ol Sheet | (pare sheet
(ks1) (vere) | “pegore Porming)
Maximm | L6.5 16.5
24s -7
Z-stiffened penels Averege kh.o k.0
(from reference 2)
Minimm k1.0 4.0
g Sheet Stiffeners
(ka1) (bare) (extrusioms)
Meximam ¥7.3 48.0
2ks~7
Y-stiffened panels Average k4.0 k2.3
Minimum 2.} 38.4
a Sheet Stiffeners
(ksoi) (Alclead) (extrusions)
Maximan 69.7 8.5
TES =T
Y-stiffened panels Average 67.3 78.2
Minimum | 6k.7 67.6

NATTONAI. ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE 2
TEST DATA AND PROPORTIONS OF SPECIMENS BAVING % = 0.40

[!oninnl proportions are given in parentheaea]
(&) 249-% SHEET AND STIFFENERS

Proportions of teat specimena Tost data

ty by v} a L | oer P 2 &

kL 5 |t [T ] Py |(kat) [(xet) | T/E

L] P oW Cs sl ) [HE.@,;

0. ] 1
ILW}KO.ﬁ ) KLU (D 5"70&6 12.5 w27 | 1.222 | 6 «165
19, .hg hal;g 140.7 L;%g 592 | 5
Z’gg Zé 0.8 2381 3% 28
066 | 396 |23.9 j2he1 [ 8.96 936} 188 12.9| 40.7 | 43.0 | 1.028 | sy
068 ﬁlgg if{ ggg g.'%g '333 .hz'{ ﬁ§§ 39.2 uyl‘g '2?6 25
882 220 (33 %"3'6? 9.1 +306 21186 77.3 23| 638 | 223
0661 109 [25.0 {29.1} 9.01 . 1 13,2 41.8 . <855 I shy
.8gg .ﬁgz Zh's gé'i 3.32 3'5{? !lfiz EE; b EE; -%07 Egi
208l | 139 %53 I(} 3:%2 +3li5 J5 79.1 301 18] %
0671 .416|35:1 [15.1] 8.8 934 .501 1. .3 {36.9 ] 1.0

SEELERERE AR
1066 | 1109 | 30, %%s 8:39 .357 4501 al70i7l 777" 1 20.7 | 3099 192
0661 Lo . .21 8. .92 12. . 6.0 838 2
R E e RE: IR
066 | 403 | Wil |2k | 9.0 .ugﬁ ’*2'2 52,9 . .230] 331
067 o410 135,0 %.o «92| =939 2190 7%, 21,4 40 201
065 | .378| z4.1 [30.6] 9.49 2953 L5 12.6| 30. 36,2 6961 516
SR EE BE HEIGIEE
Ioé 393 ?éog ?géc,’ 5,30 2973 it 79:71 77" |23 | ok zg?,
067] 410 45.3 |19.1] 8.87] <932 497 10.8] 19.1 | 32.0 . 1148
08 .ﬂgg ﬁgs %g.z 8'93, 1.3&2 'ﬂ” z1.§ 1.5 |29z | L2k} 91
0821 orlis? 1(%5_ 21&; -340 48 S EREE R T
.067| .ne8|uy9.2|2ii0} 8.91 oh2t Jig1 1.4 19.5 | 32.4 | 726 3

.osi WAt ‘113.2 RIS .315% .1119 25.'5 13.3 51.5 ;gg
J0661 403 1.9.5 E 2: .325 Y 402 2002 |25.2 ] 1 32
0671 421 | 50, %ib? . STk 49 68.71 20.0 | 20.5 | <0771 39
0621 . 1.0 | 30.7] 9.52 . . 12.9{ 26. 0.6 | .56 3
‘061 E? 2522 ggl §?§ .”‘2‘. ‘ué ﬁi-§ %3.1 ?:S'E}. %g% §§§
065 109 33:% 29:3 3.3 :9@5 475 713 1913 22.5 | lo70| 214

& Lengths are for the actual teat speaimens for which o = 3,75 approximately.

NATTONAL ADVI3ORY
OOMMITTEE FOR AERONAUTIOS
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TABLE 2,- Goncluded

TEST DATA AND FROPORTIONS OF SPECIMENS HAVING ti = 0.%0 — Concluded
8

{b) AICIAD 75S-T SHEET AND T53-T STIFFENERS

Proportions of test speclimens Teat data
P
t b b b, | b t by | &5 |0 L i - .
W S w A W w w d er [ ]
¢ oles | %s | % T |%%| Fr %l Fr | % lv|tals B | i) (ka1) b ’5) d
a 2
. 0.540)] (25) [20) £9.5) | 0.5 (0.9 AEL07] (0. LAY (DE5HGEE]

‘8.%’ é'E%G R é.ge it .42 12 | 49.6 | o7.5| 1.630 21..0::10'5
0617; 22 | 25.3) 19.2)8.92 967 493 2h.9 | 51.5 | 88.1} . 02
. 411 | 25.8 20.0(9.27 «955 4Bl 43,7 | =~=-- | 55.0| . 26
2060 =370 .'r‘g%is 9.90 .832 1131 5.0 | =~== | 25.9] .12
o 0.402 | 25.2{ 25.1| 9.31 .988 Lély 12.8 | 51.9 53.9 1.351 ;29
.06 . 25.2 25.3 .ao 566 470 25.6'| 55.0 | 58.2f .B7S

. 25. 23.1 3.96 .938 .hzé h3.0 | -~=- | 52.9] .352 ) 535

(20) ]

.062 | ool ‘%3’.:1 20.6]9.58 887 4o 11.7 | 30.7 2.3} 1.468 35

.g . gg ;gs gg.g.g.gg .zgsgg lﬁ; Ezg gg.g Ec.g .'gzg

08 | ko2 5523 20.1| 934 L8541 479 70.8 | <222 22.7 118 2145
K25)

.0 .398 35.2 g&.u 9.31 +957 L6L 12.2 | 28.3 [ h8.4| z.102 | G35

.06 'h%lll; 3522 2 .g g.gg . 22 k ﬂg 3527 llg'{ .513 ggg

106 416 552@@2&& -0 957 :hgé 3.6 | 2=-- | 27.30 3032 | 265

.066 | . 35.ﬁ 28.9 B.Ez 21 77 12.6 | 30.8 | L7.4| .906 | 567

063 .39 | 35. 30.3 3 937 4453 25.2 ;ﬁ.o L7.1| .Ghs | 520

.06 429 | 36.0028.818.91 .§29 L471 hi.2 .5

o Ji22 (2337‘3%59 8.9 331 . 5.8

.06 418 [ 52.2{19.7]|9.17 940 489 10.1 17.3 43.9] 1.320 0

| de| gagaes) | | SN B R 8

l061 | .333 51:9&‘2%:)0 3% 1823 . foui | 17:3 | 35:8] 33f | 22

.06 Ja1 | osi.al2ih.7|9.17 .967 ;81 1. 15.8 | u2.0} .94k

E AR T N E e\ ) B

2065 | 415 | 51.3|2).5/5.08 .48 :ueg 68.7 1.;:9_ 22.9| .o85 gﬁz

"Lensths are for the actual test speocimsens for which ¢ = 3,75 approximstely.

NATTORAY. ADVISOEY
COMMITTEE FOR AFRONAUTICS
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TABIE 3
TEST DATA AND FROPORTIONS OF SFECIMENS HAVING % = 0.63
@omiml proportions are given in pnrant.heneﬂ

(a) 248-T SHERT AND STIFFENERS

Proportions of test specimens Tewt dats
—
t ty b b by by tw [ 2 » e | ooy 3¢ el S PN
Live
(in.) E 'Eg ?‘ T:'& 5; :‘E E; 1:‘; Eg' F;i‘; ‘5.‘ ;’:} (ksi){(kss) j /m;'
0,061t} (0.63) 20 +3X(0.9810. (.07 (0L 7H¢ 1 ey | . ey 6.1
¢ .c:67"L 31 éezs% 132 tg?gg (0.9 3 Ohek Y.ofl2.6 | hsa | 101 Z:.led‘s
S e R g B
.06 . 32 %252 8.92 NI i %5.9 2i.2 | .o79 3
.£61 .7 |23.8(8.8 .92 .500 .2139.2 | 41. .788 | sho
3§6 e %% aﬁ.g g.og 32§ E?ﬁ i‘h.g 15.32 %3.'; 25
g & [58:8 ja%o} 832 2415 A 2.5 33.4
B . . . . . 1.0 66
I§§6 :ggg gg::: ?9'.% 3.§§ .:7§ Egg %% 140.0 l}'gz 331 ﬁéﬁo
'.gég (& %55()2 éé‘,’ 8:37 1583 332 go.3 22.5 | log 250
N .6 |[19.0]8. 2 501 11.1135.6 | 0.6 | 1.008 652
§§ 65 ;gg é% 8.% §§7 .201 2;(.1 35.9 ??’1‘ llggﬁ 57%.
087 | 8 35,9 %gél R 3 399 43 2y | o7 | 322
«635 0 [25,.8]8.8 . 15.9133.3 37.h +670 18
gg .s?é 3:3.1 23.2 8.9‘? .9 11:3% 2 g ?50 gz.’r .322 283
067 | .65k |3h.2 |25.0]6.35 2291 92 . | irs 313
208k @*1‘ 35,6 | 2 s1l9:33 163 23 25.1 | o732 | 23
.0 0.6 .3 128,719.20 982 o712 .1{53, 6.8 «551 30
1 CIBERE S AlEIE
o8y | .89 ?éc)) ?gé;! 9.3 +936 61 . 226 | w086 | 22
. . 8|z, .6 | .688
AR AT els |t | o |
Qe | 1§22 MBS :%35 8.k RN +503 +8:8 [ 2905 | oh | &
.068 | .657 |h9.3 [3577{s.00 .930 498 13.5 j20.3 B | 563
A1t INE E: T AL
j066 | .edd |12:% °§ 8.3¢ it 487 83 2.0 3 | 313
061 574 [h7.3 131,53 9.67 91 L9 13.8)20.2 3.6 466 505
AR S gt (Br) o B
ogr | &8 S(iée 51') 3.5 2317 i3 da7 537 | 333 : 238
.0 . +3120.6]9. N 4T1 1i.9 {10.0 | 30.0 +559 62
SR I E AR AL
lode | eé¢ |fed %355\ & 2933 1098 7h.cl10,1 | 30:3
P4
.068 <666 171.9 123.6]8,75 «933 L97 12,8 9.2 | 30.1 52 645
AR 12 T AUl
j06} | e |33 é? 8:91 2 3E fe:dlo 592 ] ; 232
0§ o5 4 2B.7168.8 956 4480 13,1] 9.5 | 30.6 «39% 51l
.06? .Eég ";15‘.14 29.1 9.1 .327 c}:?g 26.5 9.9 go.} «190 Q0
.06 & 17 | 25.219.05 »979 ol 46.0 9.z T 100 'rg
.Q63 &43 |77.7 | 30.L{9.45 .950 L6 79.1 {10. 19. 1 20

‘Lengths ere for the actual test specimenu‘ for vhich ¢ = 3,75 approximately.

NATIONAL ADVI30RY
COMMITIPE FOR AERONAUTICS
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TABLE 3.~ Cotioludsd
PEST DATA AND PROPORTIONS C?-SPEGIHEES BAVING %'— = 0.55 = Cancluded
3
{b) AICLAD 753~T SHEET AND 758-T ¥ IFFENERS
Proportiona of test specimens Test data
- P
iy b_sbwbbwihgbr_ak s | % | o]«
-;Z- tg | By E:- 5y {3 [P | % F: ty | Ts [Fs f:L) (is1) (i;i "’”iu) d
‘8:8‘3%’ (8:?% 2&%’ '.léfg) é.-s)(oeé)(g:gkltldaémtmm(l a.8le1) .0} 58.2 ?.5 1.458 | 619 x 167
'gé .gézz.h 11:9. 8.0?5 o «512] g.g 0.5 | 63.2 .;22 620
2R ked) |4 B EEEE
o 2112 .5 [25.1 |9.52 981} J75 2| ====|57.9 | 1,20 |56
-gé% .6 .2 '] §'6 - - %l -, E. 1 Zi
AR A IE - HERIE A
(53) (20)
<062 . . . 864 . .6 o .
AR e R g B\ |2
S0l | :61hi33.7 1%%) o 3 X 1a‘ﬁs 222356 o 222
. 62 o6 [2.B 9421 976 R 15.3 38.1 Eé.l .g% Zgo
L) .6 - ! ] L] L] L] 6. [ ] .
S e m b | % 4B 353183 8 B
(30)
.062 66213 .Z 2903 %.oa «908] L7172 28"1 32,3 | k8.6 .733 Eg
| e 1218 By 2% | 4B g2l 28
50){ (20}
AR I el it 3 g |8
: +585|1i8.2 2{‘£°, 97l <836 37 851 39 |50 | o8 |25
L L] [ ] - . - &- L ] L) - .&2 6
| S| eiolked 295 933 234 i HEIERIREE
L) -, L] - ] [ 66
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‘I.ensths are for the actual test specimens for which ¢ = 3.75 approximately.
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TABLE % .
TEST DATA AND PROPORTIONS OF SPECIMENS HAVIRG % - 1.00
[Hominsl proportions are given in pa.renthoues] &
(a) 2k3-T SHEET AND STIFFENERS
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‘Lengths are for the actual test speoimens for which ¢ = 3.75 approximately.
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TABLE 4. — Concluded
TEST DATA AND PROPORTIORNS OF SFRCIMENS HAVING % = 1,00 — Concluded
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qengtm are Tor the actusl test specimens for which ¢ = 3.75 approximetely.
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TABLE T .- OOMPARATIVE DESYGNS OF Y- AND Z~-STIFFRNED PANELS [!1 = %,0 kKips/inchf o = 1j minimom-weight designs in parentheses]
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PABLE 1%
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Figure [. - Symbols for panel dimensions.
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Stress-strain specimens,
0.80 in. wide
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Figure 3.- Locations from which slress-strain
specimens were cul from Y-section exfrusions.
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Figure 5.~ Test specimen in testing machine with
- special bearing block to permit gage wires to be
introduced inside stiffeners.
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Figure 6.- A 24S-T aluminum-alloy Y -stiffened panel (on the left)
and its 75S-T counterpart after failure.
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Fig. 238 , NACA TN No. 1389
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Figure 23 - Plot for obtaining design for maximum
structural efficiency (minimum weight). P;=5.0 kips per

inch; L=20 inches; c=1; I;=0/0Z2inch; E“—’=0.40.
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